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(54) COOLING BOX

(57) Energy saving performance is to be enhanced
while a temperature in a thermally insulated casing of a
cooling box being maintained at a fixed value.

[MEANS FOR SOLVING THE PROBLEM]
A cooling box configured to perform temperature

control by supplying cold air into an interior thereof when
an internal temperature thereof is higher than a set tem-
perature so that the internal temperature of the cooling
box to store an item to be refrigerated becomes equal to
the predetermined set temperature, and supplying warm
air into the interior thereof when the internal temperature
thereof is lower than the set temperature so that the in-
ternal temperature of the cooling box reaches the set
temperature, the cooling box comprising: a control device
including an ambient temperature sensor configured to
detect an ambient temperature of the cooling box, the
control device configured to adjust a supply amount of
warm air into the cooling box after stopping supply of cold
air into the cooling box based on the temperature detect-
ed by the ambient temperature sensor.
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Description

[Technical Field]

[0001] The present invention relates to a cooling box.

[Background Art]

[0002] A cooling box includes a refrigeration device,
and is configured to cool an item to be refrigerated at a
fixed temperature through an evaporator configuring the
refrigeration device disposed in a thermally insulated
casing by intermittently operating the refrigeration de-
vice.
[0003] When an evaporator is disposed in the thermally
insulated casing as such, frost is likely to be attached to
the surface of the evaporator. Since this frost disturbs
heat exchange between air in the thermally insulated cas-
ing and refrigerant in the evaporator, thereby reducing
the temperature of the refrigerant, resulting in that the
refrigeration device becomes unable to perform efficient
cooling in the thermally insulated casing.
[0004] Thus, a cooling box is disclosed that is provided
with a heater configured to prevent attachment of frost
onto the surface of the evaporator disposed in the ther-
mally insulated casing and to melt frost attached to the
surface (see Japanese Patent Application Laid-Open
Publication No. 6-159890, for example). For example,
such a cycle is continuously repeated that the heater is
operated while the refrigeration device configured to in-
termittently operate stops operating, thereby preventing
attachment of frost onto the surface of the evaporator or
removing frost attached to the surface while cooling the
item to be refrigerated at a fixed temperature.

[Citation List]

[Patent Literature]

[0005]

[PTL 1] Japanese Patent Application Laid-Open No.
6-159890

[Summary of Invention]

[Technical Problem]

[0006] However, a method of continuously repeating
the operation of the heater and the refrigeration device
as described above result in the problem that energy ef-
ficiency is poor due to constant supply of the power to
the electrical heater, the compressor, or the like for ex-
ample.
[0007] Further, in the case where the operations of the
heater and the refrigeration device are repeated uniform-
ly, when the ambient temperature of the thermally insu-
lated casing changes, the temperature inside the casing

is affected by such change, resulting in the problem that
it is difficult to maintain the temperature inside the ther-
mally insulated casing at a fixed value. In this type of the
cooling box, items to be refrigerated which should not be
frozen, particularly, blood, vaccines, and medical prod-
ucts, cannot be preserved.

[Solution to Problem]

[0008] The invention to solve the above described
problem is a cooling box configured to perform temper-
ature control by supplying cold air into an interior thereof
when an internal temperature thereof is higher than a set
temperature so that the internal temperature of the cool-
ing box to store an item to be refrigerated becomes equal
to the predetermined set temperature, and supplying
warm air into the interior thereof when the internal tem-
perature thereof is lower than the set temperature so that
the internal temperature of the cooling box reaches the
set temperature, the cooling box comprising: a control
device including an ambient temperature sensor config-
ured to detect an ambient temperature of the cooling box,
the control device configured to adjust a supply amount
of warm air into the cooling box after stopping supply of
cold air into the cooling box based on the temperature
detected by the ambient temperature sensor; and a ther-
mally insulating door sensor configured to detect whether
an opening connected with the interior of the cooling box
is in either an open or a closed state, when the thermally
insulating door detects a change of the opening from an
open state to a closed state, the control device executing
control so that the supply amount of warm air becomes
equal to a first value until a predetermined period has
elapsed, and executing control so that the supply amount
of warm air becomes equal to a second value smaller
than the first value after the predetermined period has
elapsed.

[Advantageous Effects of Invention]

[0009] According to the present invention, energy sav-
ing performance can be enhanced while a temperature
in a thermally insulated casing of a cooling box being
maintained at a fixed value.

[Brief Description of Drawings]

[0010]

FIG. 1 is a partial sectional view illustrating an ex-
ample of an overall configuration of a cooling box
according to an embodiment of the present inven-
tion.
FIG. 2 is a block diagram illustrating an example of
a configuration in which control of a cooling box is
performed according to an embodiment of the
present invention.
FIG. 3 is a block diagram illustrating an example of
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a processing sequence for a CPU according to an
embodiment of the present invention.
FIG. 4 is a diagram illustrating an example of time
change in an operational state of a heater, an oper-
ational state of a compressor, a temperature of an
evaporator, and a temperature inside a thermally in-
sulated casing according to an embodiment of the
present invention.

[Description of Embodiments]

===Configuration Example of Cooling Box===

[0011] With reference to FIG. 1 and FIG. 2, a descrip-
tion will be given of a configuration example of a cooling
box 1 according to an embodiment of the present inven-
tion. FIG. 1 is a partial sectional view illustrating an ex-
ample of the overall configuration of a cooling box 1. FIG.
2 is a block diagram illustrating an example of a config-
uration in which control of the cooling box 1 is performed.
[0012] As illustrated in an embodiment in FIG. 1 and
FIG. 2, the cooling box 1 includes a refrigeration device
2, a heater (heating device) 12, a thermally insulated cas-
ing 3, a thermally insulating door 4, an ambient temper-
ature sensor 18, and a control board (control device, de-
tecting device) 10.
[0013] The refrigeration device 2, as illustrated in an
embodiment in FIG. 1, is configured with a compressor
11, a condenser 21, capillary tube (pressure reducing
device) 22, and an evaporator 23 connected in a loop by
refrigerant piping. In order to obtain the refrigerant action,
the refrigeration device 2 is configured to condense the
refrigerant discharged from the compressor 11 in the con-
denser 21, and thereafter, such condensed refrigerant is
reduced in pressure in the capillary tube 22, to be evap-
orated in the evaporator 23. In particular, the evaporator
23 according to an embodiment of the present embodi-
ment is configured with an evaporation tube in a meander
form, for example, and is disposed on the rear surface
inside the thermally insulated casing 3 (on the right side
of the page in FIG. 1). In an embodiment illustrated in
FIG . 1, an evaporator temperature sensor 14, such as
a thermistor configured to detect the temperature of the
evaporator 23, is mounted on the surface of the refriger-
ant piping which is connected to the inlet side of the re-
frigerant evaporation tube configuring the evaporator 23.
[0014] The heater 12, as illustrated in an embodiment
in FIG. 1, is a heating device such as an electric heater
or the like disposed along the tube in order to prevent
frost from being attached to the surface of the evaporation
tube configuring the evaporator 23 or to melt frost at-
tached to the surface thereof. As will be described later,
the heater 12 according to an embodiment of the present
invention is energized to be operated in such a manner
as to alternate with the refrigeration device 2.
[0015] The thermally insulated casing 3, as illustrated
in FIG. 1, has an opening on the front surface side(on
the left side of the page in FIG. 1) for loading and unload-

ing an item to be refrigerated (item to be refrigerated is
blood, a vaccine, a medical product, or the like, for ex-
ample), and the evaporator 23 is disposed together with
the heater 12 through a partitioning panel 31 on the rear
surface side in an interior thereof (on the right side of the
page in FIG. 1). That is to say, in an embodiment illus-
trated in FIG. 1, in the thermally insulated casing 3, a
space (accommodating chamber) is formed to accom-
modate the item to be refrigerated between the thermally
insulating door 4 and the partitioning panel 31, and a
space (cooling chamber) is formed to cool the air in the
accommodating chamber between the partitioning panel
31 and the inner wall on the rear surface side. More spe-
cifically, an intake 31a is formed on the lower side of the
partitioning panel 31 (on the lower side of the page in
FIG. 1), an outlet 31b is formed on the upper side of the
partitioning panel (on the upper side of the page in FIG.
1), the evaporator 23 is disposed together with the heater
12 on the rear surface side of the intake 31a, and a fan
32 is disposed on the rear surface side of the outlet 31b.
When the fan 32 operates, the air in the accommodating
chamber passes through the intake 31a and is cooled by
the evaporator 23 in the cooling chamber, and then pass-
es through the outlet 31b to return to the accommodating
chamber (see outline arrows of FIG. 1) . In an embodi-
ment illustrated in FIG. 1, on the bottom part of the cooling
chamber, a tray 33 is formed for receiving water produced
by the frost, attached to the surface of the evaporator 23,
being melted. The water contained in the tray 33 is guided
through a hose 34 in the machine compartment on the
lower side of the thermally insulated casing 3 to an evap-
orating dish 35, and then is evaporated from an evapo-
rating dish 35 into the atmosphere. Furthermore, as il-
lustrated in an embodiment in FIG. 1, the compressor
11, etc., is disposed in the machine compartment on the
lower side of the thermally insulated casing 3, and a con-
denser 21 and capillary tube 22, etc., are disposed on
the rear surface side of the thermally insulated casing 3.
Further, in an embodiment illustrated in FIG. 1, a ther-
mally insulated casing internal temperature sensor 13,
such as a thermistor or the like, configured to detect the
temperature in the thermally insulated casing 3 is dis-
posed on an upper portion in the thermally insulated cas-
ing 3.
[0016] A thermally insulating door 4 is a door for open-
ing or closing the opening described above in the ther-
mally insulated casing 3. In particular, when the opening
of the thermally insulating door 4 is closed, as illustrated
in an embodiment in FIG. 1, a packing 3a on the periphery
of the opening is brought into intimate contact with the
rear surface of the thermally insulating door 4, thereby
isolating the interior of the thermally insulated casing 3
from the atmosphere. As illustrated in an embodiment in
FIG. 1, for example, a display 17 for displaying a tem-
perature, etc., inside the thermally insulated casing 3 is
provided on the front surface of the thermally insulating
door 4a. Further, as illustrated in an embodiment in FIG.
1, a thermally insulating door switch (thermally insulating
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door sensor) 15, which is configured to be in an ON state
when the opening is in an open state and be in an OFF
state when it is in a closed state, for example, is provided
in either of the opening in the thermally insulated casing
3 and the thermally insulating door 4.
[0017] The ambient temperature sensor 18 is a ther-
mistor or the like for detecting the ambient atmospheric
temperature with respect to the thermally insulated cas-
ing 3. The ambient temperature sensor 18, as illustrated
in an embodiment in FIG. 1, is disposed on the rear sur-
face side of a duct (not illustrated) provided on the front
surface of the machine compartment on the lower side
of the thermally insulated casing 3, and is in constant
contact with the atmosphere taken into the machine com-
partment through the duct by the operation of a fan (not
illustrated) for cooling the compressor 11.
[0018] The control board 10, as illustrated in an em-
bodiment in FIG. 2, is a control device such as a micro-
computer including a CPU 101, a memory 102, a first
timer 103a, a second timer 103b, and the like.
[0019] The CPU 101, in an embodiment illustrated in
FIG. 2, integrally controls the memory 102, the first timer
103a, the second timer 103b, a relay 111 configured to
cause the compressor 11 to operate or stop operating,
a relay 112 configured to start or stop operation of the
heater 12, the thermally insulated casing internal tem-
perature sensor 13, the evaporator temperature sensor
14, the ambient temperature sensor 18, the thermally
insulating door switch 15 and the display 17. The relay
111 is configured to connect in series between the com-
pressor 11 and the power source 16 in the ON state, and
disconnect such connection in series in the OFF state.
The relay 112 is configured to connect in series between
the heater 12 and the power source 16 in the ON state,
and disconnect such connection in series in the OFF
state. As will be described later, for example, the CPU
101 causes the compressor 11 to operate or stop oper-
ating in response to the detection result of the thermally
insulated casing internal temperature sensor 13 so that
the temperature inside the thermally insulated casing 3
is maintained in an allowable temperature range (be-
tween the minimum allowable temperature and the max-
imum allowable temperature as will be described later)
based on a program stored in the memory 102, as well
as executes such processing, etc., as to cause the heater
12 to operate or stop operating based on the ratio of the
operating time (operating period) of the heater 12 relative
to the operation stoppage time (operation stoppage pe-
riod) of the compressor 11 set in response to the detec-
tion result of the ambient temperature sensor 18. How-
ever, it is not limited to such a "ratio", and in short, the
CPU 101 may execute such processing as to adjust the
amount supply of warm air from the heater 12 into the
thermally insulated casing 3 after stopping supply of cold
air from the evaporator 23 into the thermally insulated
casing 3 (into the interior thereof) in response to the tem-
perature detected by the ambient temperature sensor
18. The supply amount of warm air is adjusted by chang-

ing the period of warm air supply, for example.
[0020] The memory 102 stores programs for determin-
ing the processing sequence of the CPU 101, as will be
described below, and various types of data or the like
used when processing is performed by the CPU 102.
[0021] The first timer 103a measures the elapsed time
or the like after operation of the heater 12 has been
stopped as will be described below, for example. The
second timer 103b measures the elapsed time or the like
after the thermally insulating door 4 has been opened or
closed as will be described below, for example.
[0022] In an embodiment of the present embodiment,
the control board 10 acts also as a detecting device con-
figured to detect an abnormality in the ambient temper-
ature sensor 18, the evaporator temperature sensor 14,
the thermally insulating door switch 15, and the like, for
example. The actual determination method will be de-
scribed hereafter.
[0023] In the case of the ambient temperature sensor
18 and the evaporator temperature sensor 14, the CPU
101 determines a "disconnection" when the detected re-
sistance value of the thermistor exceeds a preset prede-
termined value, and determines a "short circuit (caused
by entry of water or the like, for example)" when the de-
tected resistance value of the thermistor is substantially
0. That is to say, in either case, the CPU 101 determines
that the ambient temperature sensor 18 and the evapo-
rator temperature sensor 14 are abnormal.
[0024] In the case of the thermally insulating door
switch 15, the CPU 101 determines that the thermally
insulating door switch 15 is "abnormal", when the tem-
perature detected by the thermally insulated casing in-
ternal temperature sensor 13 is lower than or equal to a
preset predetermined temperature even though the time
period measured by the second timer 103b, during which
the thermally insulating door switch 15 is in the ON state,
exceeds the preset predetermined period, for example.
The predetermined time period and the predetermined
temperature are respectively set at such values that the
temperature inside the thermally insulated casing 3 ex-
ceeds the predetermined temperature without fail if the
opening of the thermally insulated casing 3 continues to
be in an open state by the thermally insulating door 4
during a time period exceeding the predetermined time
period, for example.

===Example of Operation of Cooling box===

[0025] An operation example of the cooling box 1 in-
cluding the above described configuration will be de-
scribed with reference to FIG. 3 and FIG. 4. FIG. 3 is a
block diagram illustrating an example of a processing
sequence for the CPU 101 of the control board 10. FIG.
4 is a diagram illustrating an example of time variation in
the temperature in the thermally insulated casing 3, the
temperature of the evaporator 23, the operating state of
the compressor 11, and the operating state of the heater
12.
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<<<Processing Sequence of CPU>>>

[0026] As illustrated in an embodiment in FIG. 3, the
CPU 101 determines whether or not the thermally insu-
lating door switch 15 has changed from the OFF state
(corresponding to the closed state of the opening of the
thermally insulating casing 3, for example) through the
ON state (corresponding to the open state of the opening
of the thermally insulating casing 3, for example), and
again to the OFF state (S100).
[0027] In an embodiment of the present invention, for
example, every time the thermally insulating door switch
15 changes in state (from the ON state to the OFF state,
or from the OFF state to the ON state), the CPU 101
stores, in the memory 102, the levels of a series of signals
received from the thermally insulating door switch 15 as-
sociated with such changes, corresponding to the receipt
time measured by the second timer 103b. Then, the CPU
101, in step S100, reads that information from the mem-
ory 102, and based on such read information, determines
whether or not the thermally insulating door 4 has been
opened or closed on step S100 or immediately after the
step S100.

<1. When Thermally Insulating Door Has not been 
Opened or Closed>

[0028] When it is determined that the thermally insu-
lating door 4 has not been opened or closed, (S100: NO),
the CPU 101 drives the relay 111 to start operating the
compressor 11 (S101). In this manner, the refrigeration
device 2 starts operating.
[0029] The CPU 101 determines whether or not the
temperature detected by the thermally insulating casing
internal temperature sensor 13 has reached the prede-
termined minimum allowable temperature in the thermal-
ly insulating casing 3 (S102) . When it is determined that
the temperature in the thermally insulating casing 3 has
not reached the predetermined minimum allowable tem-
perature (S102: NO), the CPU 101 executes the process-
ing in step S102 again. When it is determined that the
temperature in the thermally insulating casing 3 has
reached the predetermined minimum allowable temper-
ature (S102: YES), the CPU 101 drives the relay 111 to
stop the operation of the compressor 11 (S103). In this
manner, the operation of the refrigeration device 2 is
stopped. The CPU 101 determines whether or not there
is an abnormality in the ambient temperature sensor 18,
the evaporator temperature sensor 14, the thermally in-
sulating door switch 15, etc. (hereinafter collectively re-
ferred to as "sensors") (S104).

<1-1. When no Abnormality in Sensors>

[0030] When it is determined that there is no abnor-
mality in the sensors (S104: NO), the CPU 101 deter-
mines whether or not the temperature detected by the
evaporator temperature sensor 14 is lower than the pre-

determined temperature (S105). The predetermined
temperature of the evaporator 23 according to an em-
bodiment of the present invention is the minimum allow-
able temperature of the evaporator 23 at which the inte-
rior of the thermally insulated casing 3 does not become
lower than the minimum allowable temperature.

<1-1-1. When Temperature of Evaporator Higher than or 
Equal to Predetermined Temperature>

[0031] When it is determined that the temperature de-
tected by the evaporator temperature sensor 14 is not
lower than the preset predetermined temperature (i.e.,
equal to or higher than the preset predetermined tem-
perature) (S105: NO), the CPU 101 determines whether
or not the temperature detected by the ambient temper-
ature sensor 18 (hereinafter referred to as "ambient tem-
perature") is lower than the preset predetermined tem-
perature (S106). The predetermined temperature with re-
spect to the ambient temperature according to an em-
bodiment of the present invention is a temperature that
enables reduction in the operating period of the heater
12 while maintaining the temperature in the thermally in-
sulating casing 3 within an allowable temperature range
(between the minimum allowable temperature and the
maximum allowable temperature), for example. As used
herein, more specifically, the reduction in the operating
time of the heater 12 indicates that the ratio (second ratio)
of the operating time (operating period) of the heater 12
relative to the operation stoppage time (operation stop-
page period) of the compressor 11 at an ambient tem-
perature that is higher than or equal to the predetermined
temperature is made smaller than the ratio (first ratio) of
the operating time (operating period) of the heater 12
relative to the operation stoppage time (operation stop-
page period) of the compressor 11 at an ambient tem-
perature that is lower than the predetermined tempera-
ture. However, it is not limited to such "ratio". The first
ratio corresponds to a first value indicating the amount
of supply of warm air from the heater 12 into the thermally
insulating casing 3 after stopping of supply of cold air
from the evaporator 23 into the thermally insulating cas-
ing 3 (into the interior) when the ambient temperature is
lower than the predetermined temperature. The second
ratio corresponds to a second value (smaller than the
first value) indicating the amount of supply of warm air
from the heater 12 into the thermally insulating casing 3
after stopping of supply of cold air into the thermally in-
sulating casing 3 from the evaporator 23 when the am-
bient temperature is higher than or equal to the prede-
termined temperature. The supply amount of warm air is
adjusted by changing the time period during which warm
air is supplied, for example.

<1-1-1-1. When Ambient temperature Higher than or 
Equal to Predetermined Temperature>

[0032] When it is determined that the ambient temper-
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ature is not lower than the preset predetermined temper-
ature (i.e., higher than or equal to the predetermined tem-
perature) (S106: NO), the CPU 101 reads, from the mem-
ory 102, the ratio (second ratio) of the operating time of
the heat 12 relative to the operation stoppage time of the
compressor 11, and based on the ratio, set the setting
time for standby without operation of the heater 12, for
example (S107). In an embodiment of the present inven-
tion, the above described first ratio when the ambient
temperature is lower than the predetermined tempera-
ture, the above described second ratio when the ambient
temperature is higher than or equal to the predetermined
temperature, and the operation stoppage time of the
compressor 11 (however, this is the scheduled time) and
the like are predetermined on the basis of experimenta-
tion or the like. In particular, in to the case of the second
ratio lower than 1, as illustrated in an embodiment in FIG.
4, the operating time of the heater 12 (time tc) is set so
as to be followed by the operating time of the compressor
11 immediately thereafter. Thus, in step S107 according
to an embodiment of the present invention, the CPU 101
reads from the memory 102 information indicating the
operation stoppage time of the compressor 11 and/or the
second ratio associated with the information indicative
of the ambient temperature that is higher than or equal
to the predetermined temperature, etc.; and, based on
such read information, set the predetermined time from
a time when the compressor 11 stops operating to a time
when the heater 12 starts operating (time tb as illustrated
in an embodiment in FIG. 4). However, it is not limited
thereto, and information indicative of a preset predeter-
mined time may be stored in the memory 102. The op-
erating time of the heater 12 is not limited to that it is set
so as to be followed by the operating time of the com-
pressor 11 immediately thereafter, but the heater 12 may
start operating immediately after the compressor 11 has
stopped operating, for example. That is to say, the supply
of warm air from the heater 12 into the thermally insulated
casing 2 (into the interior thereof) may be started contin-
uously from the stopping of the supply of cold air from
the evaporator 23 into the thermally insulating casing 2.
[0033] The CPU 101 starts to measure time after re-
setting the first timer 103a (S108), and it is determined
whether or not the time t measured by the first timer 103a
has reached a predetermined time that has been set in
the step S107 (S109) . when it is determined that the time
t measured by the first timer 103a has not reached a
predetermined time that that has been set in the step
S107 (S109: NO), the CPU 101 executes the processing
in the step S109 again. During this period, both the com-
pressor 11 and the heater 12 stop operating. When it is
determined that the time t measured by the first timer
103a has reached the predetermined time (S109: YES),
the CPU 101 drives the relay 112 to energize the heater
12 (S110) . In this manner, the heater 12 starts operating.
[0034] The CPU 101 determines whether or not the
temperature detected by the thermally insulating casing
internal temperature sensor 13 has reached the prede-

termined maximum allowable temperature in the ther-
mally insulating casing 3 (S111). Hereinafter, the set tem-
perature positioned between the minimum allowable
temperature and the maximum allowable temperature is
assumed to be a target temperature in an embodiment
of the present invention. As an example, the target tem-
perature is the average temperature of the minimum al-
lowable temperature and the maximum allowable tem-
perature.
[0035] when it is determined that the temperature in
the thermally insulated casing 3 has not reached the max-
imum allowable temperature (S111: NO), the CPU 101
executes the processing in the step S111 again. When
it is determined that the temperature in the thermally in-
sulated casing 3 has reached the maximum allowable
temperature (S111: YES), the CPU 101 drives the relay
112 to stop energizing the heater 12 (S112). In this man-
ner, the heater 12 stops operating. Hereinafter, the CPU
101 executes the processing in the step S100 again.

<1-1-1-2 When Ambient temperature Lower than Prede-
termined Temperature>

[0036] As illustrated in an embodiment in FIG. 3, it is
determined that when the ambient temperature is lower
than the preset predetermined temperature (S106: YES),
the CPU 101 executes the processing in the above de-
scribed steps S110, S111, and S112. In an embodiment
of the present invention, the first ratio associated with the
above described ambient temperature when the ambient
temperature is lower than the predetermined tempera-
ture is set at a value of 1. Thus, the processing after step
S106: YES is equivalent to the processing in the steps
S110, S111, and S112 in which power is continuously
supplied to the heater 12 during the operation stoppage
time of the compressor 11.
[0037] According to the above description, as illustrat-
ed in an embodiment in FIG. 4, in order that the temper-
ature inside the thermally insulated casing 3 reaches the
target temperature (e.g., (TT1 + T2)/2), the ratio of the
operating time of the heater 12 relative to the operation
stoppage time of the compressor 11 may be changed
from "ta/tb" (=1) to "tc/ (tb+tc)" (<1) in response to the
ambient temperature. Generally, the higher the ambient
temperature becomes, the less the amount of heat of the
heater 12 is required for the temperature inside the ther-
mally insulated casing 3 to reach the target temperature.
Thus, energy saving performance is improved by provid-
ing a time tb (predetermined time) for standby without
operation of the heater 12 during the operation stoppage
time of the compressor 11 as illustrated in an embodiment
of the present invention. whereas, a time tb is provided
to suppress excessive heating by the heater 12, thereby
facilitating maintenance of the temperature inside the
thermally insulated casing 3 at the target temperature.
That is to say, the temperature inside the thermally insu-
lated casing 3 can be maintained at a fixed value while
energy efficiency being improved.
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[0038] As illustrated in an embodiment in FIG. 4, the
operating time tc of the heater 12 may be controlled so
as to be followed by the operating time of the compressor
11 immediately thereafter. The timing of the time tb (pre-
determined time) for standby without operation of the
heater 12 is set before the timing of the time tc in which
the heater 12 operates, thereby enabling operation of the
heater 12 during a time tc, in which the temperature of
the evaporator 23 is higher than 0 °c, without operation
of the heater 12 in the time tb, in which the temperature
of the evaporator 23 is lower than or equal to 0 °C, for
example. That is to say, operation of the heater 12 is
started at a time at which the temperature of the evapo-
rator 23 has become higher, thereby being able to reduce
the power supplied to the heater 12.
[0039] As illustrated in an embodiment in FIG. 4, when
the ambient temperature is lower than the predetermined
temperature, the ratio of the operating time of the heater
12 relative to the operation stoppage time of the com-
pressor 11 is expressed as "ta/ta" (first ratio), and when
the ambient temperature is higher than or equal to the
predetermined temperature, it is expressed as "tc/
(tb+tc)" (second ratio) which is smaller than the first ratio.
When the predetermined temperature is set, for example,
at such a temperature that the target temperature inside
the thermally insulating casing 3 can be maintained and
the second ratio is smaller as compared with the first
ratio, thereby being able to maintain the target tempera-
ture further effectively as well as improve energy efficien-
cy.
[0040] Although the first ratio as described above is
assumed to be a value of 1, it is not limited thereto, and
as long as the ratio is at least larger than the second ratio,
it may be set at a value smaller than 1, for example.

<1-1-2 When Temperature of Evaporator Lower than 
Predetermined Temperature>

[0041] As illustrated in an embodiment in FIG. 3, when
it is determined that the temperature detected by the
evaporator temperature sensor 14 is lower than the pre-
set predetermined temperature (S105: YES), the CPU
101 executes the processing in the above described
steps S110, S111, and S112. In an embodiment of the
present invention, the ratio of the operating time of the
heater 12 relative to the operation stoppage time of the
compressor 11 when the temperature of the evaporator
23 is lower than the predetermined temperature (second
ratio) is set to be greater than the ratio of the operating
time of the heater 12 relative to the operation stoppage
time of the compressor 11 when the temperature of the
evaporator 23 is higher than or equal to the predeter-
mined temperature (first ratio). In particular, the second
ratio associated with the temperature of the evaporator
23 according to an embodiment of the present invention
is assumed to be set at a value of 1 which is equal to the
first ratio associated with the above described ambient
temperature. Thus, the processing after step S105: YES

is equivalent to the processing in the steps S110, S111,
and S112 where power is continuously supplied to the
heater 12 during the operation stoppage time of the com-
pressor 11. Further, it is assume that the first ratio asso-
ciated with the temperature of the evaporator 23 accord-
ing to an embodiment of the present embodiment is set
to be equal to the above described second ratio associ-
ated with the ambient temperature.
[0042] According to the above description, for exam-
ple, when frost accumulates on the surface of the evap-
orator 23 and the temperature on the surface is reduced,
notwithstanding the ambient temperature, the ratio of the
operating time of the heater 12 relative to the operation
stoppage time of the compressor 11 is increased, thereby
being able to melt the frost attached to the evaporator 23
more effectively. In this manner, reduction in the cooling
efficiency caused by frost on the evaporator can be sup-
pressed and it is facilitated that the temperature in the
thermally insulated casing 3 is maintained at a fixed val-
ue.
[0043] Although the above described second ratio is
assumed to be a value of 1, it is not limited thereto, and
as long as the ratio is at least greater than the second
ratio, a value of lower than it may be set at a value of 1,
for example.

<1-2 Abnormality in Sensors>

[0044] As illustrated in an embodiment in FIG. 3, when
it is determined that there is an abnormality in the sensors
(S104: YES), the CPU 101 executes the processing in
the above described steps S110, S111, and S112. In an
embodiment of the present embodiment, the ratio of the
operating time of the heater 12 relative to the operation
stoppage time of the compressor 11 when there is an
abnormality in the sensors is set at a fixed value irrespec-
tive of the ambient temperature. In particular, the fixed
ratio in an embodiment of the present embodiment is
assumed to be set at a value of 1 which is equal to the
first ratio associated with the above described ambient
temperature. Thus, the processing after step S104: YES
is equivalent to the processing in the steps S110, S111,
and S112 where power is continuously supplied to the
heater 12 during the operation stoppage time of the com-
pressor 11.
[0045] According to the above embodiment, the ratio
of the operating time of the heater 12 relative to the op-
eration stoppage time of the compressor 11 may be a
fixed ratio when there is an abnormality in the sensors.
In this manner, for example, if it is not possible to detect
that the ambient temperature is lower than the predeter-
mined temperature, irrespective of the ambient temper-
ature, the ratio of the operating time of the heater 12
relative to the operation stoppage time of the compressor
11 is maintained at a fixed value, thereby being able to
reduce a risk of freezing an item to be cooled. Further,
for example, if it is not possible to detect that the temper-
ature of the evaporator 23 is lower than the predeter-
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mined temperature, irrespective of the ambient temper-
ature, the ratio of the operating time of the heater 12
relative to the operation stoppage time of the compressor
11 is maintained at a fixed value, thereby being able to
suppress reduction in the cooling capacity caused by
frost on the evaporator 23.
[0046] Although the above described "fixed ratio" has
a value of 1, it is not limited thereto, and it may be set at
a value of smaller than 1.

2. When Thermally Insulating Door Opened or Closed

[0047] As illustrated in an embodiment in FIG. 3, when
it is determined that the thermally insulating door 4 has
been opened/closed (S100: YES), the CPU 101 starts to
measure the time period after resetting of the second
timer 103b (S113), and it is determined whether or not
the time t measured by the second timer 103b has
reached a predetermined time (predetermined period)
(S114) . In an embodiment of the present invention, as
will be described later, when the opening of the thermally
insulated casing 3 is opened firstly and then closed by
the thermally insulating door 4, the operation of the heater
12 until a predetermined time has elapsed is controlled
using the ratio of the operating time of the heater 12 rel-
ative to the operation stoppage time of the compressor
11 which is the predetermined ratio (first ratio). After the
predetermined time has elapsed, the operation of the
heater 12 is controlled using the ratio of the operating
time of the heater 12 relative to the operation stoppage
time of the compressor 11 which is a predetermined ratio
smaller than the first ratio (second ratio). In particular, in
an embodiment of the present invention, the first ratio is
set at a value of 1 which is equal to the first ratio associ-
ated with the above described ambient temperature, and
the second ratio is set at a value equal to the second
ratio associated with the above described ambient tem-
perature. The predetermined time in step S114 is preset
at a time period that is sufficient to melt the frost attached
to the surface of the evaporator 23, for example, and is
stored in the memory 102.
[0048] When it is determined that the time t measured
by the second timer 103b has not reached the predeter-
mined time (S114: NO), the CPU 101 executes the fol-
lowing processing.
[0049] Firstly, the CPU 101 drives the relay 111 to start
the operation of the compressor 11 (115), and deter-
mines whether or not the temperature detected by the
thermally insulating casing internal temperature sensor
13 has reached the predetermined minimum allowable
temperature in the thermally insulating casing 3 (S116).
When it is determined that the temperature inside the
thermally insulating casing 3 has not reached the prede-
termined minimum allowable temperature (S116: NO),
the CPU 101 executes the processing in step S116 again.
When it is determined that the temperature in the ther-
mally insulating casing 3 has reached the predetermined
minimum allowable temperature (S116: YES), the CPU

101 drives the relay 111 to stop the operation of the com-
pressor 11 (S117).
[0050] Then, the CPU 101 drives the relay 112 to start
supplying the power to the heater 12 (S118), and deter-
mines whether or not the temperature detected by the
thermally insulating casing internal temperature sensor
13 has reached the predetermined maximum allowable
temperature in the thermally insulating casing 3 (S119).
When it is determined that the temperature inside the
thermally insulating casing 3 has not reached the prede-
termined maximum allowable temperature (S119: NO),
the CPU 101 executes the processing in step S119 again.
When it is determined that the temperature in the ther-
mally insulating casing 3 has reached the predetermined
maximum allowable temperature (S119: YES), the CPU
101 drives the relay 112 to stop supplying the power to
the heater 12 (S120) . As described above, the operation
of the heater 12 is controlled using the first ratio that is
equal to 1.
[0051] The CPU 101 executes again the processing in
step S114 (the determination of whether or not the time
t measured by the second timer 103b has reached the
predetermined time), and when it is determined that the
time t has reached the predetermined time (S114: YES),
the processing in step S100 is executed again.
[0052] According to the above description, as illustrat-
ed in an embodiment in FIG. 4, when opening/closing of
the thermally insulating door 4 is detected (time t2), the
ratio of the operating time of the heater 12 relative to the
operation stoppage time of the compressor 11 may be
taken as "ta’/ta’" (=1) (first ratio) until the predetermined
time has elapsed. Although not illustrated in an embod-
iment in FIG. 4, after the predetermined time has elapsed,
a ratio (second ratio) smaller than the first ratio may be
applied. Generally, when the thermally insulating door 4
is opened/closed, moisture in the atmosphere enters the
thermally insulated casing 3, and frost is likely to be at-
tached to the surface of the evaporator 23. Thus, as il-
lustrated in an embodiment of the present invention, ir-
respective of the ambient temperature, the ratio of the
operating time of the heater 12 relative to the operation
stoppage time of the compressor 11 is increased only
during a predetermined time, thereby being able to melt
the frost attached to the evaporator 23 more effectively,
for example,. In this manner, reduction in the cooling ca-
pacity caused by frost on the evaporator 23 can be sup-
pressed, and it is facilitated that the temperature in the
thermally insulated casing 3 is maintained at a fixed val-
ue.
[0053] Although the above described first ratio has a
value of 1, it is not limited thereto, and as long as the
ratio is at least greater than the second ratio, it may be
set at a value lower than 1, for example.

<<<Operation Example>>>

[0054] Based on the above described processing se-
quence of the CPU 101, the compressor 11 and the heat-
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er 12 perform the operation example which will be de-
scribed below.

<When Ambient Temperature Lower than Predeter-
mined Temperature (Before Time t1)>

[0055] In an embodiment illustrated in FIG. 4, when
the temperature inside the thermally insulated casing 3
is the maximum allowable temperature T1, the compres-
sor 11 starts operation, and when the temperature inside
the thermally insulated casing 3 reaches the minimum
allowable temperature T2, the operation is stopped. Dur-
ing this period, the temperature of the evaporator 23 de-
creases from the temperature T3 to the temperature T4.
Immediately after the operation of the compressor 11 is
stopped, the operation of the heater 12 starts. During the
period in which the temperature inside the thermally in-
sulated casing 3 increases from the minimum allowable
temperature T2 to the maximum allowable temperature
T1, the temperature of the evaporator 23 increases from
the temperature T4 to 0 °C, and then 0 °C is maintained
in the period during which the frost on the surface of the
evaporator 23 is melting. When the frost has completely
melted, the temperature increases from 0 °C to the tem-
perature T3. That is to say, defrosting on the surface of
the evaporator 23 is performed by the heater 12. Imme-
diately after the operation of the heater 12 has stopped,
the operation of the compressor 11 starts, and continues
until when the temperature inside the thermally insulated
casing 3 is the minimum allowable temperature T2. In
this manner, when the ambient temperature is lower than
the predetermined temperature, the operation of the
compressor 11 and the operation of the heater 12 are
alternated without interruption. That is to say, the ratio of
the operation time ta of the heater relative to the operation
stoppage time ta of the compressor 11 is 1.

<When Ambient Temperature Higher than or Equal to 
Predetermined Temperature (From Time t1)>

[0056] In an embodiment illustrated in FIG. 4, when
the ambient temperature at a time t1 switches from a
temperature lower than the predetermined temperature
to that higher than or equal to the predetermined tem-
perature, the heater 12 does not operate and stays in a
standby state in a predetermined time tb immediately af-
ter the operation of the compressor 11 has been stopped,
and starts to operate immediately after the predeter-
mined time tb has elapsed. Then when the temperature
in the thermally insulated casing 3 reaches the maximum
allowable temperature T1, the operation of the heater 12
is stopped.
[0057] As a result, the operating time of the heater 12
is the time tc, and the operation stoppage time of the
compressor 11 is the time (tb + tc) . Furthermore, in ac-
cordance with the time change in the temperature of the
evaporator 23, during the time period (tb + tc), defrosting
of the surface of the evaporator 23 is performed.

[0058] In an embodiment illustrated in FIG. 4, the ther-
mally insulating door 4 is opened/closed at time t2. In this
case, although the ambient temperature is higher than
or equal to the predetermined temperature, the operation
of the heater 12 is controlled using the ratio "ta’/ta’ (=1)
of the ratio of the operating time of the heater 12 relative
to the operation stoppage time of the compressor 11 (first
ratio), and thereafter, the heater 12 is controlled with the
ratio which is the second ratio smaller than the first ratio
(this is not illustrated in FIG. 4).
[0059] In an embodiment illustrated in FIG. 4, at a time
t2, although the thermally insulating door 4 is opened/
closed, it is not limited thereto, and the temperature of
the evaporator 23 may be lower than the predetermined
temperature, or it may be assumed that an abnormality
occurs in the sensor, for example.
[0060] According to an embodiment of the present in-
vention, a temperature inside a thermally insulated cas-
ing of a cooling box can be maintained at a fixed value
while energy saving performance is improved.

===Other embodiments===

[0061] The above embodiments of the present inven-
tion are simply for facilitating the understanding of the
present invention and are not in any way to be construed
as limiting the present invention. The present invention
may variously be changed or altered without departing
from its spirit and encompass equivalents thereof.
[0062] In an embodiment described above, although
the heating device is a heater 12 configured to execute
a heating operation by being applied with the power, it is
not limited thereto. In short, any means may be used as
long as the heating device is a means capable of be
turned ON/OFF at a preferred timing in order to prevent
attachment of frost on the surface of the evaporator 23
disposed in the thermally insulated casing 3 or melt frost
attached to the surface.
[0063] In an embodiment described above, although
the relay 112 is driven to control the operation or stopping
of operation of the heater 12, it is not limited thereto, and
control may be performed using an element such as a
thyristor or a triac.
[0064] In an embodiment of the present invention, al-
though the thermally insulating door sensor is a thermally
insulating door switch 15, it is not limited thereto, that is
to say, any means may be used as long as it is a means
for detecting the opening/closing of the thermally insu-
lating door 4.
[0065] In an embodiment of the present invention, al-
though the evaporator 23 is disposed in a space (cooling
chamber) partitioned by the partitioning panel 31 in the
thermally insulated casing 3, it is not limited thereto, and
the partitioning panel 31 may be omitted.

[Reference Signs List]

[0066]
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1 COOLING BOX
2 REFRIGERATION DEVICE
3 THERMALLY INSULATED CASING
3a PACKING
4 THERMALLY INSULATING DOOR
10 CONTROL BOARD
11 COMPRESSOR
12 HEATER
13 THERMALLY INSULATED CASING IN-

TERNAL TEMPERATURE SENSOR
14 EVAPORATOR TEMPERATURE SEN-

SOR
15 THERMALLY INSULATING DOOR

SWITCH
16 POWER SOURCE
17 DISPLAY
18 AMBIENT TEMPERATURE SENSOR
21 CONDENSER
22 CAPILLARY TUBE
23 EVAPORATOR
31 PARTITIONING PANEL
31a INTAKE
31b OUTLET
32 FAN
33 TRAY
34 HOSE
35 EVAPORATING DISH
101 CPU
102 MEMORY
103a FIRST TIMER
103b SECOND TIMER
111, 112 RELAY

Claims

1. A cooling box configured to perform temperature
control by supplying cold air into an interior thereof
when an internal temperature thereof is higher than
a set temperature so that the internal temperature
of the cooling box to store an item to be refrigerated
becomes equal to the predetermined set tempera-
ture, and supplying warm air into the interior thereof
when the internal temperature thereof is lower than
the set temperature so that the internal temperature
of the cooling box reaches the set temperature, the
cooling box comprising:

a control device including an ambient tempera-
ture sensor configured to detect an ambient tem-
perature of the cooling box, the control device
configured to adjust a supply amount of warm
air into the cooling box after stopping supply of
cold air into the cooling box based on the tem-
perature detected by the ambient temperature
sensor.

2. The cooling box according to claim 1, wherein

when the ambient temperature is lower than a pre-
determined temperature, the control device is con-
figured to execute control so that the supply amount
of warm air becomes equal to a first value, and when
the ambient temperature is higher than or equal to
the predetermined temperature, to execute control
so that the supply amount of warm air becomes equal
to a second value smaller than the first value.

3. The cooling box according to claim 2, wherein
the supply amount of warm air is adjusted by chang-
ing a time period during which warm air is supplied
into the cooling box.

4. The cooling box according to claim 3, wherein
the supply of warm air into the cooling box by the
control device is started after a predetermined time
has elapsed from a time when supply of cold air into
the cooling box has been stopped.

5. The cooling box according to claim 1, further com-
prising:

a thermally insulating door sensor configured to
detect whether the opening connected with the
interior of the cooling box is in either an open or
a closed state, wherein
when the thermally insulating door detects a
change the opening from an open state to a
closed state, the control device is configured to
execute control so that the supply amount of
warm air becomes equal to a first value until the
predetermined period has elapsed, and execute
control so that the supply amount of warm air
becomes equal to a second value smaller than
the first value after the predetermined period has
elapsed.

6.  The cooling box according to claim 1, further com-
prising:

an evaporator temperature sensor configured to
detect a temperature of the cold air or the tem-
perature of the evaporator, wherein
when the temperature of the evaporator is higher
than or equal to a predetermined temperature,
the control device executes control so that the
supply amount of warm air becomes equal to a
second value, and when the temperature of the
evaporator is lower than the predetermined tem-
perature, the control device executes control so
that the supply amount of warm air becomes
equal to a first value higher than the second val-
ue.

7. The cooling box according to claim 1, further com-
prising:
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a detecting device configured to detect an ab-
normality in the ambient temperature sensor,
wherein
when the detection result of the detecting device
indicates an abnormality, the control device ex-
ecutes control so that the supply amount of
warm air is constantly equal to a fixed supply
amount.

8. The cooling box according to claim 1, wherein
the cold air is air cooled by the evaporative action of
a refrigerant in an evaporator of a refrigeration cycle
in which at least a compressor, a condenser, a pres-
sure reducing device, and an evaporator are con-
nected in a loop by refrigerant piping, and wherein
the warm air is air heated by an electric heater.

9. The cooling box according to claim 1, wherein
the supply of warm air into the cooling box performed
by the control device is started following the stopping
of supply of cold air into the cooling box, in a contin-
uous manner.
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